OP TICAL COMPONENT DRIVING DEVICE IN LASER APPARATUS 



5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a driving device which changes the 
orientation angle of optical components in laser apparatus. 
Description of the Related Ait 

10 When an excimer laser or molecular fluorine F2 laser is used as a 

stepper light source, the oscillated laser light must be subject to line- 
narrowing. Also, in order to prevent the central wavelength of the spectrum 
of the oscillated laser light with narrowed linewidth from being deviated 
from the target value during exposure, stability control must be performed 

is precisely. 

FIG. 4(a) shows a construction surrounding a line-narrowing unit 9 
mounted on a conventional laser apparatus, Alternate long and short dash 
lines in FIG, 4(a) show optical axes of laser light L. FIG. 4(b) is a GrOSS- 
sectional vievrlaken along line IV-IV in FIG. 4(a). 
20 The linewidth narrowing effect is achieved by reflecting the laser light 

at a certain fixed angle of incidence (angle of reflection) 4> relative to a 
reflector-type wavelength selecting element, or grating 2, installed inside the 
line-narrowing unit 9. The reflector-type wavelength selecting element 2 is 
an optical component that selects a wavelength by reflecting the laser light L. 
25 Reflector-type wavelength selecting element 2 selects a wavelength that 
corresponds to the angle of incidence (angle of reflection) The angle of 
incidence is determined by the orientation angle 9 of the reflection mirror 3 
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which totally reflects the incident laser light L and directs it unto the 
reflector-type wavelength selecting element 2. The orientation angle 9 of 
reflection mirror i is changed by linear movement of a feed screw 16a (male 
screw) of the feed screw unit 16 in the directions of arrows B. With rotational 
movement of a control motor 8 as shown by arrow C, the feed screw 16a 
moves linearly. 

During exposure the control motor 8 is drive controlled so as to make 
the deviation of the central wavelength of the oscillated laser spectrum to be 
extremely small. Specifically, clockwise or anticlockwise rotation of the 
drive shaft 8a of the control motor 8 5 as shown by arrows C makes the feed 
screw 16a to rotate in the same direction C as the drive shaft 8a. Rotation of 
(he feed screw 1 6a results in its reciprocal movement in the direction of 
arrow B 7 thus determining the feed position of the feed screw 16a. This, in 
turn, deteimines the orientation angle 9 of the reflection mirror 3 and the 
angle of incidence <j> of the light relative to the reflectoi-type wavelength 
selecting element 2, and (he central wavelength of the laser light L spectrum 
is thereby fixed at the target wavelength. 

Here, a so-called high-precision screw is used for the feed screw unit 
16. The high-precision feed screw is machined so as to make the clearances 
between the feed screw 16a (male screw) and the nut 16b (female screw) to 
be extremely small Specifically, each pair of feed screw 16b and nut 16b is 
managed by spot goods control. To reduce the contact fricrion between the 
feed screw 16a and the nut 16b, a lubricant (grease) is applied in abundant 
quantity onto a part D where the feed screw 16a and the nut 16b are contact 
with each other. 

However, even if the thread clearances in the feed screw unit 16 can be 
made very small by spot goods control, it is structurally impossible to make 
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them extremely small, and very small thread clearances inevitably exist. In 
other words, the backlash in the feed screw unit 16 cannot be completely 
eliminated. Therefore, when the control motor 8 rotates back and forth in the 
direction of arrows B, and the feed screw 1 6a moves reciprocally in the 
directions of arrows B, precision of positioning the reflection mirror 3 is 
impaired. And if the precision of positioning the reflection mirror 3 is 
impaired, precision of controlling wavelength of laser light T. to be a target 
value is impaired, resulting in impaired wavelength stability. In other words, 
there is a problem of decreased precision in controlling wavelength and 
decreased wavelength stability. 

Another dr awback of the conventional feed screw unit 16 is that, due 
to very small thread clearances, significant friction resistance exists during 
operation of the feed screw unit 16. This leads to increased rotation torque of 
control motor 8 that is necessary for driving the feed screw unit 16. This 
results in poor linear movement response of the feed screw 16a to the drive 
command to the control motor 8, and a considerable lime is required to 
change the wavelength of the lasar light L tn the target wavelength. Therefore, 
there is a problem of decreased speed of wavelength control. 

In order to decrease the friction resistance during operation of the feed 
screw unit, it is necessary to apply an abundant quantity of a lubricant on 
contact section D. However, contact section D communicates with the 
interior of the line-narrowing unit 9. The excimer laser light L of deep 
ultraviolet wavelength zone scatters within the line-narrowing unit 9. This 
deep ultraviolet, light irradiates the lubricant and may promote the chemical 
decomposition reaction of the lubricant. If the decomposition reaction of die 
lubricant proceeds, the impurities thereby produced will pollute optical 
components located inside The line-narrowing unit 9, and the performance of 
the laser apparatus may be impaired. Therefore, there is a problem of poor 
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performance of the laser apparatus resulting from pollution of optical 
components, 

OBJECTS AND SUMMARY OF THE INVENTION 

With the foregoing in view, it is an object of the present invention to 
improve precision of wavelength control and wavelength stability, to increase 
speed of wavelength control and to prevent optical components from being 
polluted. 

To achieve this object, the present invention provides an optical 
component driving device provided in a laser apparatus, comprising an 
optical component (3) that changes wavelength of Ihe laser lighL (L) in 
accordance with an orientation angle ( 6 ) thereof, and a feed screw 
mechanism (6) that converts rotational movement of a rotary actuator (8) into 
linear movement of a teed screw (6a), the orientation angle ( 6) of the optical 
component (3) being changed in accordance with the linear movement of the 
feed screw (6a) of the feed screw mechanism (6), characterized in that the 
feed screw (6a) of the feed screw mechanism (6) is a ball screw (6a). 

The present invention will be described with reference to FIGS. 1(a) 
and 1(b). 

The ball screw unit 6 is a feed screw mechanism that is used by 
previously applying a load (pre-load) between a ball screw 6a and a nut 6b 
and in which the ball screw 6a moves linearly by the sliding of the ball. This 
construction permits to make the mechanical screw clearances to be very 
small, thus making it possible lu eliminate llic backlash of the ball screw unit 
6, or to make it non-backlash. Since there is no screw clearance, it is possible 
to improve the precision of positioning the reflection mirror 3 when the 
control motor 8 rotates clockwise and anticlockwise as shown by arrows C, 
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and The screw 16a moves reciprocally as shown by the arrows B. Better 
precision of positioning of the reflection mirror 3 results in improvement in 
precision of controlling the wavelength of the lasar light L to the target 
wavelengrh, and improvement in wavelength stability 

Since the ball screw 6a is caused to move linearly by the sliding of the 
balls, friction resistance during operation of the ball screw unit 6 is low. 
Therefore, smaller torque of the control motor 8 is required to drive the ball 
screw unit 6. As a result, linear movement response of the ball screw 6a to 
the drive command to the control motor 8 can be increased, while the time 
required for adjustment of the wavelength of the laser light T. to the target 
value can be reduced. 

Furthermore, due to better wavelength control precision and leduced 
time of adjustment of light wavelength to the target value, the speed of 
wavelength control can be increased. 

Due to low iriction resistance of the ball screw unit 6, the amount of 
lubricant applied to contact portion D can be minimized. As a result, in spite 
of deep ultraviolet light irradiating the lubricant, the amount of resulting 
impurities is negligible. This makes it possible to minimize pollution of 
optical components located inside the line-narrowing unit 9 and to prevent 
deterioration of the laser apparatus peifurmance. 

BRIEF DESCRIPTION OF THH DRAWINGS 

FIG. 1 (a) is a diagram showing an embodiment of an optical 
component driving device, and FIG. 1 (b) is a cross-sectional view taken 
along line I-I in FIG. 1 (a); 

FIG. 2 is a graph showing the advantages of the device according to 
the embodiment of the present invention, wherein wavelength zones of the 
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laser light are plotted on the horizontal axis, and error ranges for the 
wavelength control of laser light are plotted on the vertical axis; 

FIG. 3 is a graph showing advantages of the device according to the 
embodiment, wherein amounts of adjustment of a laser light wavelength are 
plotted on the horizontal axis and time periods required for these adjustments 
are plotted on the vertical axis; and 

FIG. 4 (a) is a diagram showing a conventional optical component 
driving device, and FIG, 4 (b) is a cross-sectional view taken along line IV- 
IV in FIG. 4 (a). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the optical component driving device provided in 
The laser apparatus of the present invention will be described below with 
reference to figures. It is assumed that in this embodiment the laser apparatus 
is used as a stepper light source. 

FIG. 1 (a) shows the embodiment of the optical component driving 
device, FIG. 1 (a) shows the construction surrounding the line-narrowing unit 
9 mounted on the laser apparatus. Alternate long and short dash lines in FIG. 
1 (a) show optical axes of the laser light L. FIG. 1 (b) is a cross-sectional 
view taken along line M in FIG. 1 (a). 

Firstly; functions of the line-narrowing unit 9 used in the laser 
apparatus will be described. 

The laser light L oscillated by discharge excitation in a laser chamber 
(not shown) is amplified by causing the laser light to travel reciprocally 
within a resonator that is constituted from a front mirror and the line- 
narrowing unit 9, and then emitted from the front mirror as a lasei light with 
a prescribed power, In this embodiment, the laser light T, travels reciprocally 
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between the front mirror and the reflector-type wavelength selecting element 
2. 

Optical components consisting of, for example, two prisms la and lb 
a reflection mirror (total reflection mirror) and a reflector-type wavelength 
selecting element (grating) 2 are provided inside the line-narrowing unit 9. 
Incidentally, any number of the prisms can be provided as desired. The 
prisms la, lb and the reflector-type wavelength selecting element 2 are fixed 
on the bottom plate of the line-narrowing unit 9 The reflection mirror 3 is 
held by a reflection mirror holding member (mirror holder) 4. The reflection 
mirror holding member 4 is supported rotatably by a supporting member 5 
As the reflection mirror holding member 4 dims around the point at which it 
is supported by the supporting member 5, the orientation angle 9 of the 
reflection mirror 3 changes according to the turning thereof. A driving 
mechanism thai turns the reflection mirror holding member 4 and changes the 
orientation angle 8 of the reflection mirror 3 will be described later. 

The laser light L oscillated in the laser chamber enters the iine- 
naiiuwing unit 9 and passes through the prisms la, lb that act as beam 
expanders, whereby the beam width of the laser light L is expanded. The 
expanded laser light L impinges die reflection mirror 3 and, after being fully 
reflected, impinges on the reflector-type wavelength selecting element 2. The 
laser light L impinging upon the reflector-type wavelength selecting element. 
2 is diffracted, and only a part of the laser light L with a prescribed 
wavelength is sent back in the same direction as the incident light. The beam 
width, of the laser light L that has been sent back by the reflector-type 
wavelength selecting clement 2, is reduced by the prisms lb, la, and then 
enters the laser chamber. After the laser light L has been passed through the 
laser chamber and amplified, a part thereof is outputted by way uf the front 
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mirror as an output light, while the rest part is returned to the laser chamber 
and amplified. 

When the laser apparatus is used as a stepper source, linewidth uf Ihe 
oscillated laser light must be narrowed. A stable and precise adjustment must 
be ensured to prevent the central wavelength in the spectrum of this oscillated 
laser light with narrowed linewidth from being deviated from the target value 
during exposure. 

The linewidth is narrowed using the reflector-type wavelength 
selecting element 2. As stared above, the reflector-type wavelength selecting 
element. 2 selects a wavelength by reflecting the incident laser light L. The 
reflector-type wavelength selecting element 2 selects a wavelength 
corresponding to the angle of incidence (angle of reflection) <J). The angle uf 
4 incidence <(> depends on the orientalion angle 8 of the reflection mirror 3 that 

directs the laser light T, to the reflector-type wavelength selecting clement 2. 
is Now the construction of the driving mechanism that changes the 

orientation angle 0 of the reflection mirror 3 will be described. 

The orientation angle 9 of the reflection mirroi holding member 4 is 
changed by the driving of the ball screw unit (S which is a feed screw 
mechanism. The ball screw unit 6 consists of a ball screw 6a and a nut 6b. 
The ball screw unit 6 is a feed screw mechanism in winch Lhe ball screw 6a 
moves linearly relative to the nul 6b by the sliding of the ball. One end of the 
ball screw 6a abuts on the reflection mirror holding member 4. A flat spring 
1 0 exerts a spring force on the reflection mirror holding member 4 in the 
direction in which the ball screw 6a abuts on the reflection mirror holding 
25 member 4. 
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' The other end of Ihe ball screw 6a is connected through a coupling 7 to 
the drive shaft 8a of the control motor 8. The nut 6b is in thread engagement 
The ball screw 6a and is fixed on the wall of the line-narrowing uniT. 9. 

The control motor 8 is a stepping motor, a servo motor or the like, 
supported on a guide mechanism 1 1, such as LM guide, so 03 to be able to 
freely reciprocate ui the direction of arrows D. The guide mechanism 1 1 is 
fixed to the outside of the line-narrowing unit 9. 

Next, the operation of the optical component driving device will be 
described. 

During exposure, the control motor 8 is controlled so as to make 
deviations of lie central wavelength in the spectrum of the oscillated laser 
light to be extremely small. The control can be a feedback control oi an open- 
loop control. When the feedback conuul is used, wavelength of the oscillated 
laser light is detected and inputted Through the feedback loop to a controller 
(not shown). 

The controller outputs a drive control signal to the control motor 8. In 
response to this drive control signal, the drive shaft 8a rotates clockwise or 
counter-clockwise as indicated by arrows C. 

When the drive shaft 8a of the coniiol motor 8 rotates in The direction 
of arrow C, the ball screw 6a rotates in the same direction C. As a result, the 
ball screw 6a moves linearly in the direction of arrows B relative to the nut 
6b, i.e. relative to the line-narrowing unit 9. The ball screw 6a moves linearly 
in the directions of airows B together with the control motor 8 that is 
connected to the ball screw 6a through the coupling 7. The control motor 8 
moves along the guide of the guide mechanism 1 1 in the directions of arrows 
B. 

When the ball screw 6a moves linearly relative to the line-narrowing 
unit 9 as described above, the reflection mirror holder 4 abutting on the ball 
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screw 6a is pivoted on the supporting member 5. As a result, the orientation 
angle 6 of the reflection mirror 3 is changed. Thus, the reflection mirroi 3 is 
positioned at a position corresponding to the linear movement position of the 
ball screw 6a. 

When the orientation angle 9 of the reflection mirror 3 is determined, 
then the angle of incidence <j) in respect to the reflector-type wavelength 
selecting element 2 is determined and the central wavelength in the spectrum 
of the laser light L is fixed corresponding thereto. 

Next, the advantages of ihe present invention will be described with 
reference to FIGS. 2 and 3. 

In this embodiment, a ball screw unit 6 is used as a feed screw 
mechanism. 

The ball screw unit 6 is a feed screw mechanism in which a load (pre- 
load) is previously applied between the ball screw 6a and mil 6b, and the ball 
screw 6a is moved linearly by the sliding of the balls. This makes it 
structurally possible to make mechanical thread clearance to be extremely 
small. Thereby, the back-lash of the boll screw unit 6 can be nullified, in 
other words, non back-lash ball screw unit can be realized Since there is no 
screw clearance, ihe precision nf positioning of the reflection mirror 3 can be 
improved, when the control motor 8 rotates clockwise and anticlockwise as 
shown by arrows B and the feed screw 16a moves linearly in the directions of 
arrows D. Higher precision of positioning of the reflection mirror 3 results in 
higher precision in controlling the laser light L to the target wavelength and 
higher wavelength stability. 

FIG . 2 is a graph showing in comparison the difference in effects 
between the device of this embodiment shown in FIG. 1(a) and the 
conventional device shown in FIG. 4(a). On Uic horizontal axis, wavelength 

10 



'i iSOO 'OH 



an tin i mm nvzswioorsi 



CO 

5 IS * 

C3 



zones (in pm) of the laser light L arc plotted that correspond to the orientation 
angles 0 of the reflection mirror 3, and on the vertical axis, precision of 
positioning of the reflection mirror 3, i.e. error ranges (in pm) with respect to 
the target wavelength of the laser light L is plotted. Specifically, an error 
5 range is shown for each wavelength zone, when the orientation angle 8 of the 
reflection mirror 3 is changed by 12 pin. Chaiaeleristics of the device of this 
embodiment using ihe ball screw 6 is shown by 6C and characteristics of the 
conventional device using the precision screw 16 is shown by 16C. 

As is obvious from a comparison of characteristics 6C and 16C, in all 
10 wavelength zones (he error ranges of the device of this embodiment are 
smaller than these of the conventional device, and wavelength control 
precision and wavelength stability are also higher in die device of this 
embodiment compared to the conventional device. 

Furthermore, in the device of this embodiment, because the ball screw 
is 6a is moved linearly by the sliding of the balls, the friction resistance during 
operation of the ball screw unit 6 is low. As a result, the torque of the control 
motor 8 required for driving the ball screw unit 6 can be small. Therefore, the 
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Q responsibility of the linear movement of the ball screw 6a to the driving 

command to the control motor 8 is improved, and time required for 
20 adjustment of the wavelength of the laser light L to the target wavelength can 
be reduced. 

Moreover, due to reduced lime required for adjustment of the 
wavelength of the laser light L to the target wavelength, the speed of the 
wavelength control can be increased. 
25 FIG. 3 is a graph showing hi comparison the difference in effects 

between the device of this embodiment shown in FIG. 1(a) and the 
conventional device shown in FIG. 4(a). On the horizontal axis, amounts of 
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wavelength adjustment (in pm) of the laser light Laie plotted that correspond 
to the amounts of change of the orientation angle B of the reflection mirror 3, 
and on the vertical axis, time periods required for adjusting the wavelength of 
the laser light L to the target wavelength (ia sec) are plotted. Characteristics 
of the device of this embodiment using the ball screw 6 are shown by 6D and 
characteristics of the conventional device using the precision screw 16 are 
shown by 16D. 

As is obvious from comparison of characteristics 6D and 16D, the 
required time of the device of this embodiment is shorter than that of the 
conventional device, while wavelength adjustment speed is higher than that 
of the conventional device. 

Furthermore, in the device of this embodiment, due to lower friction 
resistance during operation of the ball screw unit 6, the amouuL of lubricant 
applied to contact portion D can be minimized and as link as possible. As a 
result in spite of deep ultraviolet light irradiating the lubricant, amount of 
resulting impurities is very little, and pollution of optical components located 
inside the line-narrowing unit 9 can be minimized, whereby deterioration m 
performance of the laser apparatus can be prevented. 

In the laser apparatus according to the present embodiment as 
described above, it is possible to improve wavelength control precision and 
wavelength stability and to increase wavelength control speed, as well as to 
prevent pollution of optical components. 

Moreover, according to the present embodiment, the angle of incidence 
<|> to the reflector-type wavelength selecting element 2 is changed by 
changing the orientation angle 9 of the reflection mirror 3 that is used as the 
optical component, and thereOby the wavelength of the oscillated laser light L 
is changed. However, the wavelength of the oscillated laser light L may be 
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changed in a similar manner by changing the orientation angle of any other 
optical component than the reflection mirror. 

For example, it is also possible to adjust the wavelength of the laser 
light L by changing orientation angles of prisms la, lb, or by changing 
orientation angle of the reflector-type wavelength selecting element 2. In 
such cases, too, if the ball screw unit 6 is used as a driving mechanism for 
driving optical components in the same manner as in this embodiment, the 
same advantages as in this embodiment can be achieved, such as higher 
precision and higher wavelength control speed. 
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